A premature infant is reported with a transient Wolff-Parkinson-White (WPW) Syndrome, atrial reciprocating rhythm and atrial reciprocating tachycardia during the second month of life. The spontaneous onset and termination of numerous attacks of tachvcardia were recorded and analyzed. Many electrocardiographic tracings suggested the presence of Wenckebach periodicity of the anomalous A-V pathway resulting in atrial reciprocal rhythm which from time to time initiated a reciprocatlng tachvcardia. In s,me tracings atrial reciprocal rhythm was preceded by a wandering atrial pacemaker. The presented electrocardiographic tracings emphasize the sigAificance of reciprocal rhythm in the genesis of paroxysmal tachycardia in infants with a transient WPW Syndrome. At the end of the second month of life the attacks of tachycardia stopped, and the electrocardiogram became normal and remained so during a total follow-up period of ten months.
p AROXYSMAL supraventricular tachycardia is estimated by Keith, Rowe and Vlad to occur once in every 25,000 children. Ten percent of the 41 patients reported by Nadas, et al.2 presented electrocardiographic evidence of a WPW Syndrome; the age of these patients at the time of the first attack of tachycardia ranged from a few months to 13 years. According to the authors the recurrence rate was 22% if the onset of the tachycardia took place during the first months of life; it increased to 83% when the first attack occurred after the fourth month. In most of their cases in young infants no etiological factors could be detected, but in older infants and children factors that might explain the occurrence of the tachycardia were more often encountered. However, in a series of 51 infants with paroxysmal supraventricular tachycardia studied by Lundberg3 the WPW Syndrome was present in 50% at the time of the first attack; after one year the electrocardiogram was normalized in 50% of those patients who had shown the WPW Syndrome. The occurrence of a transient WPW Syndrome in infants has also been reported recently by Roelandt and Roos4 and by Giardina, Ehlers and Engle. 5 In the latter study the WPW Syndrome disappeared in 5 of 29 infants. The mechanism of the tachycardia in infants with a transient WPW Syndrome is unknown, since no electrocardiographic tracings have been published showing both onset and termination of the tachycardia.
This case report is presented because of the intermittent occurrence of a WPW Syndrome Type A in the second month of life of a premature infant.
During this time numerous attacks of tachycardia were recorded and analyzed, including the onset and termination. Before the second month of life and during the follow-up period of 10 months, the electrocardiogram was normal, i.e., there were no signs of WPW conduction and no attacks of tachycardia.
Report of Case Patient I. G., a male infant, was born March 14, 1972, following a pregnancy of 34 weeks; his birth weight was 2420 grams. The infant was admitted to our hospital because of frequent attacks of apnea. The family anamnesis disclosed no history of congenital heart disease or rhythm disturbances. Physical examination revealed a normally breathing premature infant without sign-s of congenital heart disease. The chest roentgenogram was normal and a routine electrocardiogram showed a regular sinus rhythm without conduction abnormalities. On the day of admission the infant had onie short attack of apnea which was successfully treated with oxygen; after that time his respiration remained normal.
At the age of 5 weeks it was observed that the heart rate was irregular, sometimes giving the impression of a bigeminy, while at other times bouts of tachycardia occurred with a frequency of 280 to 300 beats/min and a duration ranging from a few seconds to 2 hrs. Employing a modified standard lead I with chest electrodes in the second right and left intercostal spaces, the electrocardiogram was monitored on an oscilloscope and continuously recorded on magnetic tape. No therapeutic measures were undertaken since the attacks of tachycardia subsided spontaneously. Congestive heart failure did not occur and the only sign of a tachycardia of long duration consisted of slight restlessness. During four days the electrocardiogram showed sinus rhythm with normal conduction alternating with periods of WPW Type A conduction, atrial echo beats and frequent attacks of reciprocating tachycardia (figs. [1] [2] [3] [4] [5] . After that time the attacks of tachycardia decreased in frequency, the electrocardiogram still showing sinus rhythm with alternating periods of normal and WPW conduction. At the age of 9 weeks the child was in good condition, the electrocardiogram had normalized and no further attacks of tachycardia were observed ( fig. 6 ). The patient was discharged from the hospital without medication at the age of 232 months; by then he had reached a weight of 3510 grams. During a follow-up period of ten months the electrocardiogram has remained completely normal and the child is doing well. Figure 1 presents one of the electrocardiograms at the age of 5 weeks, showing sinus rhythm with WPW conduction type A.
Analysis of the Electrocardiogram
The tracings presented in figures 2-5 were also obtained at the age of 5 weeks and are recorded from the magnetic tape with an Elema direct writing electrocardiograph using, for reasons of presentation, a paper speed of 50 or 100 mm/sec. The analysis of all the electrocardiograms was performed with the same tracings recorded at a paper speed of 100 mm/see, which offered the opportunity to measure the various time intervals to the nearest 5 msec; for this reason all time intervals are expressed in milliseconds. Intermittently, WPW conduction proved to be rate-dependent as shown in figure 2 ; this may be explained by changes in refractoriness accompanying changes in heart rate. WPW conduction, normal A-V conduction and atrial reciprocal rhythm were often seen to alternate. The electrocardiogram presented in figure 3 shows a shifting atrial pacemaker resulting in a block of the anomalous pathway: the QRS complex is followed by a P' wave, representing retrograde activation of the atria. The reciprocal impulse discharges the sinoatrial (SA) node prematurely, thus resetting its cycle and effecting the relatively long pause. Supportive evidence for the P' waves being actually atrial reciprocal beats is given by (1) the vectorial direction (which is opposite to that of
r-- Figure 2 Continulous strip of stanldard lead I. Alternating WPW conduction and atrial reciprocal rhythm. The first three beats are WPW complexes while the fourth beat is only conducted by the normal A-V pathway with a relatively prolonged P-R interval. The resulting complex is followed by a P' wave representing rtetrograde activation of the atria. Standard lead I, paper speed 50 mm/sec. Time intervals in milliseconds. the sinus P wave as determined in simultaneously registered standard leads), (2) their fixed relationship to the preceding QRS complex, (3) the characteristic P-QRS-P' sequence and (4) the dependence on the preceding P-R interval which is relatively prolonged.6' 7 The prolonged anterograde conduction time allows the atria sufficient recovery time to be able to respond to the re-entering impulse. The shifting character of the atrial pacemaker is suggested by a variation of the P-P intervals and slight changes in the morphology of the P waves.
The diagrams in figures 3, 4, 5 are drawn in a way that implies that the retrograde conduction takes place via the anomalous pathway. However, definite proof of this is not available and re-entry within the A-V node cannot be excluded.
Alternating WPW conduction and atrial reciprocal rhythm is also shown in figure 4 . In this tracing a shifting atrial pacemaker seems unlikely because there are no clear variations in sinus rate and P wave morphology. However, an increasing distance S.A. Circulaton. Volumne XLVIII, August 1973 between the P wave and the delta wave of the subsequent WPW complexes is clearly visible. Since the P-R intervals are constant, Wenckebach periodicity of the anomalous pathway is suggested. The fifth beat is conducted by the normal A-V pathway with a relatively prolonged P-R interval and the resulting QRS complex is followed by a retrograde P' wave.
Numerous tracings could be obtained of the onset and the termination of an attack of tachycardia, the mechanism being always the same. Figure 5 presents a bout of reciprocating tachycardia. Wenkebach periodicity of the anomalous A-V pathway is suggested by increasing distances between the P waves and the delta waves of the WPW complexes. The WPW beats are followed by a P-QRS-P' "sandwich" which initiates a reciprocating tachycardia; aberrant ventricular conduction is present in the first two complexes. While Wenckebach periodicity of the anomalous A-V path.way is associated with atrial reciprocal rhythm which at times initiated an attack of tachycardia, Wenckebach periodicity of the normal A-V pathway results in an interruption of the circus movement and the tachycardia. This mechanism is reflected by the R-R interval lengthening at the end of the tachycardia. Figure 6 presents the normalized electrocardiogram at the age of nine weeks.
Discussion
The genesis of a transient WPW Syndrome in infants is not clear. James8 suggested that postnatal shaping and moulding of the A-V node and His bundle might be responsible; the same author proposed that gradual maturing of these structures might explain the disappearance of the electrocardiographic pattern of WPW after infancy. In the "mismatch impedance" theory of Mendez, Mueller and Urguiga,0 pre-excitation is dependent upon a minimal critical electrical input into the anomalous pathway. An insufficient input may not be capable of activating the pre-excitation area due to a "mismatch impedance," i.e., an electrophysiological impedance due to the relatively small cable capacity of the anomalous pathway with respect to the large muscle mass it must activate. The A-V nodal pathway, on the contrary, has a large cable capacity and is connected with the specialized conduction system. If the conductivity is so minimal that it is unable to activate the pre-excitation area or to transmit the impulse an alnomalous pathway may not be evident electrocardiographically. A dimin- pathway may favor an increased ele( into the anomalous pathway and thu WPW Syndrome may become manifE quired" WPW Syndrome, first noted in becoming manifest in association with h may also be explained by this ph Following the "mismatch impedance" might suppose that an "immature" A-\ delays normal conduction and thereb increased electrical input into an anonx way resulting in pre-excitation; on <ma the A-V node the anomalous pathway I and less favored, finally resulting ir electrocardiogram.
Another hypothesis is given by Rc It :II > AVRH AVL Figure 6 :AVF V6 Normal electrocardiogram at the age of 9 week 25 mm/sec. Calibration 1 mV = 1 cm. anomalous A-V pathway. Atrial reciprocal rhythm, however, is also possible by re-entry within the A-V node. Since the presented tracings provide no proof of re-entry by the anomalous pathway, re-entry within the A-V node cannot be excluded. Usually atrial reciprocal rhythm is associated with Wenckebach periodicity of the A-V node.10 In this case a relatively prolonged P-R interval is present in the P-QRS-P "sandwich." Wenckebach periodicity of the anomalous A-V pathway, as suggested in this case, has not been reported before. Durrer et al.,12 who used intracardiac electrical stimulation in the study and treatment of tachyeardias, were able to produce atrial reciprocal beats and reciprocating tachycardia in patients with a WPW Syndrome. Although tracings of the spontaneous onset and termination of paroxysms of reciprocating tachycardia in children with a WPW Syndrome have been published by a few authors,5 7, 10, 13 none of them have mentioned a transient character of the WPW Syndrome with respect to their cases. The electrocardiographic tracings presented in this report emphasize the significance of reciprocal rhythm in the genesis of paroxysmal tachycardia in infants with a transient WPW Syndrome.
